Context. A significant fraction of massive stars are found in multiple systems. The effect of binarity on stellar evolution is poorly constrained. In particular, the role of tides and mass transfer on surface chemical abundances is not constrained observationally. Aims. The aim of this study is to investigate the effect of binarity on the stellar properties and surface abundances of massive binaries. Methods. We perform a spectroscopic analysis of six Galactic massive binaries. The spectra of individual components are obtained from a spectral disentangling method and are subsequently analyzed by means of atmosphere models. The stellar parameters and CNO surface abundances are determined. Results. Most systems are made of main-sequence stars. Three systems are detached, two are in contact and no information is available for the sixth system. For eleven out of the twelve stars studied the surface abundances are only mildly affected by stellar evolution and mixing. They are not different from those of single stars, within the uncertainties. The secondary of XZ Cep is strongly chemically enriched. Considering previous determinations of surface abundance in massive binary systems suggests that the effect of tides on chemical mixing is limited, whereas mass transfer and removal of outer layers of the mass donor leads to the appearance of chemically processed material at the surface, although this is not systematic. The evolutionary masses of the components of our six systems are on average 16.5% higher than the dynamical masses. Some systems seem to have reached synchronization, while others may still be in a transitory phase.
Introduction
The evolution of massive stars depends on several physical processes, the main ones being mass loss and rotation. Mass loss removes material from the outer layers, reducing the mass of the star and thus affecting its internal structure and luminosity (Chiosi & Maeder 1986 ). Main-sequence massive stars rotate on average faster than any other main-sequence star. Their average projected rotational velocity is found to be between 100 and 150 km s −1 depending on metallicity (Penny & Gies 2009; Huang et al. 2010; Ramírez-Agudelo et al. 2013) . Rotation flattens the star, triggering the transport of angular momentum and chemical species from the core to the surface (Maeder & Meynet 2000) . Rotation also modifies mass loss rates. Other processes affect the evolution of massive stars. The presence of a strong dipolar magnetic field (present in about 7% of OB stars, Grunhut et al. 2017) can alter both mass loss and rotation (Ud-Doula et al. 2009; Meynet et al. 2011) . The presence of a companion can also modify the evolution of a star through tides and mass transfer (e.g. Mandel & de Mink 2016) .
A number of massive OB stars are found in binary systems. However the fraction of multiple systems is not fully established and varies depending on samples and environment. Kobulnicky et al. (2014) reported that 35% (55% after corrections for biases) of the 128 OB stars they studied in Cyg OB2 definitely have a companion ; Sana et al. (2012) found a binary fraction of 56% (69% after corrections) for six Galactic open clusters and a total of 71 systems (40 definite binaries); Sana et al. (2014) detected a companion in 53% of a sample of 96 Galactic O stars and claimed a binary fraction of 91% accounting for known systems not detected in their survey (many systems having large separations though); in the Large Magellanic Cloud, Sana et al. (2013) determined an observed fraction of 35% (corrected to 51%) among 360 O stars (126 definite binaries); a minimum fraction of 21% was determined by Mahy et al. (2013) for four Cygnus OB associations (19 systems, 4 definite binaries). In addition, Kobulnicky et al. (2014) and Sana et al. (2012) found a rather uniform distribution of mass ratios and a weak decrease of the period distribution among definite binaries. The latter distribution extends up to several thousands of days.
The presence of a companion around a significant number of OB stars raises the question of its effects on stellar evolution. Interactions are expected in close systems. For wide separations, both components evolve as single stars. There are two main categories of effects caused by the presence of a close companion:
A&A proofs: manuscript no. bin_ohp those due to tides and those due to mass transfer. The former trigger energy exchange between the system and its components. The consequence is a change of the internal structure under the influence of energy dissipation (and thus heating) through radiative damping, viscous friction and (gravito-)inertial waves (Zahn 1989; Mathis & Remus 2013) . The geometry of the star and its internal rotation profile can also be modified. Hence the transport of angular momentum and chemical species are affected. In practice, these effects lead to synchronization of the rotational and orbital periods (Zahn 1977) . This can spin-up or spin-down individual components and thus amplify or reduce the effects of rotation on their evolution. Mass transfer also drastically affects the evolution of massive stars. Due to the mass-luminosity relation, a decrease of mass implies a reduction of luminosity, and thus a change of the path in the Hertzsprung-Russell diagram (Wellstein et al. 2001) . The mass donor loses its external layers, revealing at the surface hotter internal regions with different chemical properties. The mass gainer is polluted by material from the donor and its envelope is mixed with new material (Langer et al. 2008) . Together with mass, angular momentum is exchanged. This affects the rotational properties of both stars, in a way that depends on the efficiency of mass transfer. The outcome of mass transfer depends on the orbital properties of the system (mass ratio, separation) and on the intrinsic evolution of the components. Stellar evolution in (massive) binaries is thus complex. Constraints from analysis of dedicated systems are therefore highly requested. One of the expectations of binary evolution is that surface abundances are modified compared to single stars. Indeed, mixing processes due to rotation depend on the star's internal structure which is affected by tides (de Mink et al. 2009 ). Contamination by accretion in mass transfer episodes obviously affects surface chemical patterns (Langer et al. 2008) . In this case, the mass donor loses its external layers so that its surface is physically moved to deeper layers where chemical composition corresponds to more processed material. These effects of binarity on surface abundances are one of the possibilities quoted to explain peculiar abundance patterns. For instance, the nitrogenrich stars with low projected rotational velocity (as well as their counterparts, nitrogen-poor stars with high V sini) reported by Hunter et al. (2008) -see also Grin et al. (2017) -may be the result of such interactions according to the authors. However the difference between the chemical patterns of binary and single stars has not been established observationally. The attempt performed by Garland et al. (2017) on a sample of B-type binaries did not show any clear difference, but only the primary component of their systems was analyzed.
Here we present a study of six Galactic massive binaries. Our goal is to determine the stellar parameters and surface CNO abundances of their components in order to investigate whether they are different from presumably single stars. Section 2 describes our sample and the spectroscopic observations. Data analysis and the associated results are gathered in Sect. 3. Results are discussed in Sect. 4. Finally we summarize our conclusions in Sect. 5.
Sample and observations
In order to test the effects of binarity on the properties and evolution of massive stars, we selected six short period systems (P < 6 days) from the compilation of Gies (2003) . All systems except DH Cep are eclipsing binaries. The targets presented in this study were observed at Observatoire de Haute-Provence with the SOPHIE instrument (Bouchy et al. 2013 ) during the nights of August 2013. SOPHIE delivers high spectral resolution échelle spectra in the 3900-6900Å wavelength range. The main properties of the observed binaries are listed in Table 1 . The High Efficiency mode of SOPHIE, corresponding to a spectral resolution R = 39000, was used. The spectra were obtained in 15 to 40 minutes depending on the target's brightness and have a signal-to-noise ratio close to 200 in the continuum. The observing strategy (number of observations per system) was adjusted each night on order to ensure an optimal coverage of the phases of maximum separation between the systems' components as requested for a good spectral disentangling. Data reduction was performed automatically by the SOPHIE pipeline (Bouchy et al. 2009 ) adapted from the ESO/HARPS software.
Modelling and spectroscopic analysis

Orbital solutions and spectral disentangling
To compute the orbital solution of each system, we first measured the radial velocities of each component. For this purpose, we fitted the spectral lines of helium with the highest ionization stage. The higher the ionization stage, the closer to the photosphere the lines are formed. The computations of the radial velocities (RVs) were done by adopting the rest wavelength from Conti et al. (1977) . We then used the Liège Orbital Solution Package (LOSP 1 ) to determine the SB2 orbital solution of the system. Since the orbital periods of these systems are well known, we decided to fix them in the computations. Except for Y Cyg, the other systems have all a circular orbit. The orbital solutions are displayed in Fig. 1 . The corresponding parameters are gathered in Table 2 .
We then used the orbital parameters as input of our spectral disentangling code. We applied the Fourier approach of Hadrava (1995) to separate the spectral contributions of each component in the different systems. This method uses the Nelder & Mead's Downhill Simplex method on the multidimensional parameter space to reach the best χ 2 fit between the recombined component spectra and the observed data. Discussions about the spectral disentangling method used in this paper can be found in Pavlovski & Hensberge (2010) and in Mahy et al. (2017) . Because the eclipses are not total in the different systems, the output composite spectra must be renormalized and corrected for the brightness ratios. A first approximation of the brightness ratio was estimated by computing the equivalent widths of several spectral lines (Si iv 4089, He i 4143, He i 4471, He ii 4542, O iii 5592) and by comparing these values to those calculated from synthetic spectra corresponding to stars with the same spectral types as the components of our sample. Then, the brightness ratios have been iteratively adjusted by computing them from the ratios between the luminosities of the two components (luminosities that have been obtained from the effective temperature and the radius of each star).
Stellar parameters
We used the Fourier transform method (Gray 1976; Simón-Díaz & Herrero 2007) to determine the projected rotational velocity V sini. When the combined spectra showed sufficiently wide separations between both components of the system so that individual lines could be clearly isolated, we used directly the combined spectrum. Otherwise, we relied on the disentangled spectra. The uncertainty of our determinations is 10 km s −1
. We found that all stars have V sini larger than 100 km s
To estimate the amount of extra-broadening (macroturbulence) we used synthetic spectra (see below) with T eff and log g consistent with the spectral type and the luminosity class of each star (Martins et al. 2005; Nieva & Przybilla 2014) . We convolved these spectra with a rotational profile adopting the V sini derived from the Fourier transform method. We added an extrabroadening by means of a radial-tangential profile parameterized by a velocity v mac . The comparison with the observed, disentangled spectrum of each component revealed that for most systems there was no need for an extra-broadening. We thus adopted v mac = 0 km s T eff and log g were determined from the classical diagnostics: the helium ionization balance for T eff and the Balmer lines broadening for the surface gravity (e.g. Martins 2011 ). For B stars we replaced helium by silicon for the effective temperature determination. We relied on a grid of synthetic spectra computed with the code CMFGEN (Hillier & Miller 1998) . Non-LTE atmosphere models were computed for stars with 21000 < T eff < 45000 K and 3.0 < log g < 4.3. Luminosities were assigned according to the calibration of Martins et al. (2005) and mass loss rates were computed from Vink et al. (2001) . Wind terminal velocities were estimated from v ∞ = 3.0 × v esc (Garcia et al. 2014) . A solar composition (Grevesse et al. 2010 ) was assumed and the following elements were included: H, He, C, N, O, Ne, Mg, Si, S, Ar, Ca, Fe, Ni. Once atmosphere models were converged a formal solution of the radiative transfer equation lead to the synthetic emergent spectrum, which was computed assuming a microturbulent velocity ranging from 10 km s at the photosphere to 0.1 × v ∞ in the outermost parts of the atmosphere. For each star, a subset of the model grid (encompassing the values of T eff and log g estimated from the spectral type) was convolved with the appropriate V sini and v mac as described above. The resulting synthetic spectra, correctly shifted in radial velocities, were subsequently compared to the disentangled spectrum of each target. The quality of the fit was quantified by means of a χ 2 analysis renormalized to 1.0 for the best-fit combination of T eff and log g. The output of such a process is illustrated in Fig. 2 in the case of the primary component of Y Cyg. The uncertainties on T eff and log g were estimated from such figures. In practice, T eff and log g are correlated and giving a formal error on T eff and log g is not correct. However, we decided to take the width of the χ 2 = 2.0 contour as a representative error. These values are reported in Table 3 .
Surface abundances of C, N and O were determined as in Martins et al. (2015) : for a given set of T eff and log g models with different C, N and O content were computed and subsequently compared to disentangled spectra. The goodness of fit was quantified by means of a χ 2 analysis. In practice, we relied on the following lines:
-for carbon: C iii 4068-70, C iii 4153, C iii 4156, C iii 4163, C iii 4187, C ii 4267, C ii 6578, and C ii 6583.
N ii 5005 and N ii 5680.
The number of lines used for each star depends on the effective temperature and on the quality of the spectra. We adopted He/H=0.1 in our computations. No significant deviation from this value was observed in our fits (see Fig. 3 ).
The derived parameters are given in Table 3 . The final bestfit models are shown in Fig. 3 . For each system, the best fit of the individual components were co-added taking into account the luminosity ratio and the radial velocities determined at the date at which the comparison spectrum was obtained. In general, the quality of the fits is good. Notable problems are encountered around Balmer lines, especially Hδ, illustrating the difficulty to correctly disentangle broad lines that are never completely separated observationally. This is even worse when their wings contain lines from other elements.
Photometry
Except for DH Cep, the five other systems display eclipses. We thus used the PHOEBE (PHysics Of Eclipsing BinariEs, Prša & Zwitter 2005, v0 .31a) software to model the Hipparcos lightcurves (Perryman et al. 1997) . For their analysis, we kept the parameters of the orbit fixed at their values obtained through the spectroscopic analysis (Section 3.1). PHOEBE allows to model the lightcurve and the RV curves of an object at the same time. This software is based on Wilson & Devinney's code (Wilson & Devinney 1971) and uses Nelder & Mead's Simplex fitting method to adjust all the input parameters to find the best fit to the lightcurve. In the search for the best-fit model, we include in the computation of the lightcurve the reflection effect. The latter is reported as the brightening of one star due to irradiation by its companion and has a non-negligible impact on very luminous systems when the two component orbit very close to each other. The reflection effect can affect the curvature of the lightcurve in zones outside the eclipse. Reflection is treated according to the theory of Wilson (1990) in the code PHOEBE. We also fixed the effective temperatures to the values obtained in the previous section. The photometric parameters derived by PHOEBE are given in Table 4 . The error bars are computed by fixing one parameter at a time and we allow the others to vary to reach the minimum of the χ 2 corresponding to a 68.3% confidence level (1-σ).
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Discussion
Comparison to previous analysis
In this section we compare our results with those available in the literature. Table 5 gathers the published values of masses and radii for the systems we have analyzed.
V478 Cyg was studied by Popper & Hill (1991) . Within the error bars, their results are in excellent agreement with our findings with the exception of the radius of the secondary which is slightly larger in our study. Popper & Hill (1991) also analyzed V382 Cyg. Our radii are marginally consistent with their results, while our mass estimates are lower. The masses of Burkholder et al. (1997) are in better agreement with our findings. Burkholder et al. (1997) concluded that V382 Cyg was an interacting system since both stars fill their Roche lobe. Similar conclusions were reached by 
5.5 ± 0.1 4.6 ± 0.1 13.7 ± 0.1 12.8 ± 0.1
5.6 ± 0.1 4.7 ± 0.1 14.2 ± 0.1 13.6 ± 0.1 9.2 ± 0.2 8.5 ± 0.2 7.6 ± 0.1 8.5 ± 0.1 5.9 ± 0.1
5.8 ± 0.1 4.8 ± 0.1 14.8 ± 0.1 16.4 ± 0.1 9.9 ± 0.2 9.5 ± 0.2 7.8 ± 0.1 8.9 ± 0.1 6.0 ± 0.1 5.1 ± 0.1 M bol [mag] −6.26 ± 0.05 −5.59 ± 0.05 −7.84 ± 0.07 −7.16 ± 0.07 −8.30 ± 0.08 −8.03 ± 0.08 −7.05 ± 0.06 −7.16 ± 0.06 −6.65 ± 0.04 −6.44 ± 0.04 l p /l s 1.82 ± 0.18 1.86 ± 0.28 1.05 ± 0.26 0.95 ± 0.10 1.23 ± 0.12
Notes. R pole is the radius toward the pole, R point is the radius measured toward the other component, R side is the radius measured toward the side, R back toward the Lagrangian point L 2 and R mean is the geometrical mean between R pole , R side and R back . The bolometric albedos (coefficients of reprocessing of the emission of a companion by "reflection") and the gravity darkening coefficients are both set to 1.0 for the different components. l p /l s is the ratio of the primary's to the secondary's luminosity.
Article number, page 5 of 13 A&A proofs: manuscript no. bin_ohp The mass and radius of the primary component of Y Cyg obtained by Burkholder et al. (1997) , Harmanec et al. (2014) and Simon et al. (1994) are consistent with our values. On the contrary, we find a less massive and more compact secondary. We note that this system is the only one for which the phase coverage of our observations does not sample the maximum separation (Fig. 1) . This probably affects our results and explains the differences with previous studies. The effective temperature and surface gravity derived by Simon et al. (1994) -T eff = 34500 (34200) K and log g = 4.16 (4.18) for the primary (secondary) -are similar to our determinations, within the error bars. The same conclusion applies to the determination of the inclination of the system (i=86 The dynamical mass determination of Burkholder et al. (1997) for AH Cep is consistent with our results. Our masses , to obtain the dynamical masses. are ∼ 25% lower and our radii about 20% smaller than those of Bell et al. (1986) .
The inclination of DH Cep was estimated by : they found i=47±1 o . Adopting this value, we obtain masses of 38.4±2.5 and 33.4±2.2 M ⊙ for the primary and secondary. Within the error bars these values are in agreement with those of Burkholder et al. (1997) and Hilditch et al. (1996) . Our effective temperatures are consistent with those of -T eff = 44000 (43000) K for the primary (secondary) -but we find surface gravities larger by ∼0.3 dex (Simon & Sturm report log g = 3.95 (4.03) for the primary (secondary)). This likely reflects the difficulty to correctly disentangle the individual profiles of Balmer lines that are the main gravity indicators.
Finally, XZ Cep was studied by Harries et al. (1997) who obtained masses lower by ∼3 M ⊙ compared to our determinations. On the contrary their radii are slightly larger. These differences are probably due to the contact nature of the system (see below). Fig. 4 shows the classical Hertzsprung-Russell (HR) diagram and the log g-T eff diagram. All systems but XZ Cep have both of their components on the main sequence as defined by singlestar evolutionary tracks. XZ Cep is the most evolved system of our sample. For almost all stars the same track can explain the position of stars in both the HR and log g-T eff diagrams. The secondary component of XZ Cep may be the only exception since its luminosity places it close to the 15 M ⊙ track in the HR diagram while a mass of 20 M ⊙ better reproduces its position in the log g-T eff diagram. But we also note that within the error bars the 15 and 20 M ⊙ tracks are relevant in both diagrams. Table 6 provides an estimate of the Roche lobe size for each component of the five eclipsing systems. This estimate was made using equation 2 of Eggleton (1983) . In the third column of Table 6 we compare the size of the Roche lobe to the stellar radius in the direction of the companion (R point ) when possible, or to the mean radius when R point is not available (see Table 4 ). V478 Cyg, Y Cyg and AH Cep are detached systems. The latter two have the largest ratios R L /R point which is consistent with their position very close to the ZAMS. V478 Cyg, which is more evolved, is on the verge of filling its Roche lobe (secondary star). V382 Cyg and XZ Cep are contact systems, in agreement with the findings of Harries et al. (1997) . Given the above remarks regarding the position on the HR and log g-T eff diagrams, XZ Cep has most likely experienced mass transfer and certainly follows an evolution different from that of single stars (see also Sect. 4.3). The properties of V382 Cyg in both evolutionary diagrams do not indicate deviation from single star evolution as strong as for XZ Cep: V382 Cyg is thus probably only in an early con- tact phase so that deviation from single-star evolution has not appeared yet. It is interesting to compare Y Cyg and V478 Cyg in the light of Table 6 : both stars have a mass ratio close to 1.0, dynamical masses around 15 M ⊙ , and similar orbital periods (just below 3 days). According to Fig. 4 Y Cyg is located closer to the ZAMS and is less evolved than V478 Cyg which lies in the middle of the main sequence. This is reflected in Table 6 where the former system has its components filling a smaller fraction of its Roche lobe than the latter. We conclude that for an orbital period of about 3 days and stars with similar initial masses of about 15 M ⊙ contact does not happen before the final portion of the main sequence. N and O abundance patterns consistent with no processing. The only exception is the secondary of XZ Cep which is significantly enriched. The ratios N/C and N/O are consistent with CNO burning. Fig. 6 shows a comparison of the sample stars with presumably single stars analyzed by Martins et al. (2015) . We chose this study as a reference for comparison since it is based on data of similar quality and the method employed to determine the stellar parameters and surface abundances is the same as the one we used in the present study. The left panel of Fig. 6 shows A&A proofs: manuscript no. bin_ohp the log g-T eff diagram. The comparison stars are separated in two sub-samples depending on their initial mass (above or below ∼28 M ⊙ ) according to the tracks of Ekström et al. (2012) . In the middle panel, the surface abundances of V478 Cyg, Y Cyg, XZ Cep and AH Cep can be compared to the single stars with masses below 28 M ⊙ . V382 Cyg and DH Cep are compared to more massive single stars in the right panel. We see that in both mass ranges there is no difference between the binary and single star samples: they cover the same area of the log(N/C) -log g diagram. As above, the only possible difference is the secondary star of XZ Cep. Although there is no direct comparison single stars close to it, we see that its N/C ratio corresponds to predictions of single star models with initial masses above 25 M ⊙ (and close to 40 M ⊙ ), while its estimated mass is in the range 8-20 M ⊙ (see Sect. 4.4) . It is thus likely that in this evolved system binarity has affected the surface chemical composition. For the other five systems, there is no evidence for such an effect, even for V382 Cyg in which both components (barely) fill their Roche lobe. In Fig. 6 we have also separated comparison stars according to whether they have V sini higher than 120 km s −1 or not. The high-V sini sample encompass the range of projected rotational velocities of the binary components. Here again, there is no clear distinction between binaries and single stars.
Evolutionary status
Surface abundances
We thus conclude that in the binary sample we have studied, detached systems do not show clear differences in their surface abundances compared to single stars. For interacting systems, large N/C may be encountered (XZ Cep) or not (V382 Cyg). A certain time may be required after the beginning of the mass transfer in order to see its effects on surface abundances. Garland et al. (2017) studied a sample of 33 B-type binary systems in the Large Magellanic Cloud, all of them located on the main sequence. They did not perform a disentangling of the individual spectra but determined the stellar parameters of the primaries with atmosphere models. They used various assumptions regarding contamination of their spectra by the secondaries to infer the impact on the derived parameters. They estimated nitrogen surface abundances and projected rotational velocities and concluded that primary stars of their binary systems do not show differences in terms of surface enrichment compared to Btype single stars. They argue that they may have evolved effectively as single stars with low rotational velocities. Mahy et al. (2017) determined the stellar parameters and surface abundances of the O7.5If+O9I(f) system HD 166734. Their analysis indicates that this is a detached system and that the degree of chemical processing is not different from what is observed in single O supergiants. Mahy et al. (2011) analyzed the properties of the two components of the massive binary LZ Cep. They found that the secondary is extremely nitrogen-and helium-rich, while being carbon-and oxygen-poor. Quantitatively, log(N/C)=1.6 which, together with a log g of 3.1, places the star in the upper right corner of Fig. 7 (the present-day dynamical mass of the secondary is ∼ 6 M ⊙ ). On the other hand the primary is barely chemically evolved. Mahy et al. (2011) concluded that the surface abundances could be explained by an inefficient mass transfer from the secondary (which was initially the primary) towards the secondary. The dynamical masses obtained by Mahy et al. for LZ Cep (∼ 16 and ∼6 M ⊙ for the primary and secondary) are significantly lower than the evolutionary masses (25.3 and 18.0 M ⊙ ) determined using single star evolutionary tracks. This is another indication that mass transfer occurred in that system according to Mahy et al. (2011) . In any case, the degree of chemical enrichment is higher than expected for single stars of masses 5 to 25 M ⊙ -it would be consistent with the enrichment of a ∼50 M ⊙ star.
The surface abundances of the components of the system HD149404 are similar to that of LZ Cep according to Raucq et al. (2016) -see also Fig. 7 . Since HD 149404 is not an eclipsing binary, there is no determination of its dynamical mass. The evolutionary masses reported by Raucq et al. (2016) are of the order 30 M ⊙ assuming a standard initial rotation rate. As for LZ Cep, the secondary is thus highly enriched, as confirmed by its position in Fig. 7 : the observed N/C ratio is larger by ∼0.8 dex compared to the prediction of a 32 M ⊙ model. Given these abundances and the asynchronous rotation of the system, Raucq et al. (2016) suggested that HD149404 is in a post-Roche lobe overflow state. Such an interaction may have revealed internal layers of the secondary star, explaining the rather strong enrichment.
The massive evolved system LSS 3074 was studied by Raucq et al. (2017) . The dynamical masses of the components are 14.8 and 17.2 M ⊙ for the primary and secondary respectively. These values (together with the estimated radii) are low for stars with spectral type O4f and O6-7(f). Raucq et al. determined lower limits of 0.94 (1.26) for the primary (secondary) log(N/C) ratios. The primary is also helium-rich (He/H=0.25). The surface gravities of both components being close to 3.8, the stars are located in the upper part of Fig. 7 . Raucq et al. (2017) indicate that LSS 3074 is likely an overcontact system which experienced Roche lobe overflow. Their simulations favour a relatively massive primary (M=35 M ⊙ ). In that case, the N/C ratio determined for that star is high compared to predictions of evolutionary models (see Fig. 7 ). Compared to the two systems described above, it is worth noting that in the case of LSS 3074 both components show a high N/C ratio.
Both components of Plaskett's star (HD 47129) have initial masses above 40 M ⊙ according to Linder et al. (2008) . The primary has a high N/C ratio, while the secondary is surprisingly chemically unevolved. The secondary has a high projected rotational velocity, which prompted Linder et al. to argue that this system experienced a recent mass transfer in which a small fraction of the mass removed from the primary was accreted by the secondary. This could explain the high rotation and absence of nitrogen enrichment / carbon depletion of the secondary. In Fig.  7 the primary is located in the upper part at a position consistent with high mass single stars. We note that a strong magnetic field is present at the surface of the secondary Grunhut et al. (2013) , which may have affected the interaction history and surface abundances of that system (e.g. Meynet et al. 2011) .
From the above discussion, and keeping in mind that samples of binary stars for which surface abundances are available remain small, the following trend tends to emerge:
-systems for which no evidence of mass transfer exist do not show surface enrichment significantly different from single stars, at least within the uncertainties on the derived surface abundances. Said differently, the additional role of tides on mixing in detached systems has a limited effect on surface abundances compared to mixing in single stars. -on the contrary in three systems which experienced mass transfer (HD 47129, LZ Cep and HD 149404) , the mass donor has a high N/C ratio, even higher than what is observed in single stars of the same initial mass and rotation rate for two systems (LZ Cep and HD 149404). Our results for XZ Cep follow the same trend: the secondary fills its Roche lobe and has a larger N/C than expected for its mass. In these Fig. 6 . Left: log g-T eff (left) diagram for the sample stars together with comparison single stars from Martins et al. (2015) . In the comparison sample, grey asterisks (brown stars) refer to stars less (more) massive than ∼28 M ⊙ . Filled symbols (stars and asterisks) refer to comparison stars with V sini > 120 km s −1 . For clarity only a representative error bar for the comparison sample is shown. The evolutionary models including rotation of Ekström et al. (2012) are shown. Middle and right: log(N/C) -log g diagram for stars with masses lower than 28 M ⊙ (middle) and higher than 28 M ⊙ (right). In all panels big symbols have the same meaning as in Fig. 4 . Fig. 7 . Same as middle and right panels of Fig. 6 but with the evolved systems HD 47129 (Linder et al. 2008) , LZ Cep (Mahy et al. 2011 ), HD 149404 (Raucq et al. 2016 ) and LSS 3074 (Raucq et al. 2017) added. Big symbols have the same meaning as in Fig. 4. systems mass transfers probably removed the external layers of the donor. This process exposes at the surface internal regions more chemically mixed (an effect similar to stellar winds for Wolf-Rayet stars). The mass gainer do not show peculiar surface abundances compared to single stars. This latter result is consistent with predictions of Langer et al. (2008) who show that the accreted material is mixed and diluted in the pre-existing envelope. For HD 149404, both the primary and secondary show relatively high N/C ratios, possibly indicating that the mass gainer was already chemically enriched (because of rotational mixing) before interaction. Finally, V382 Cyg just fills its Roche lobe but do not show signs of peculiar N/C. Peculiar N/C ratios would thus be observed in the mass donor of post-mass transfer systems, possibly because of the removal of external layers and hence the appearance of internal layers deeply chemically processed at the surface. In absence of mass transfer, surface abundances of binary components would be indistinguishable from those of single stars. The case of the contact system V382 Cyg, for which no peculiar abundances are determined, suggests that the above picture is only partial or that the system was caught at the very beginning of the mass transfer episode, when significant envelope removal did not occur yet. Obviously, this tentative picture needs to be confirmed by analysis of additional evolved systems. Such a task is difficult because the estimates of initial masses in interacting systems are based on assumptions on the efficiency of mass transfer, on the initial orbital parameters, on the initial mass ratio (e.g. Wellstein et al. 2001; de Mink et al. 2009; Raucq et al. 2017 ). In addition, evolved systems are not spherically symmetric and the use of 1D atmosphere models may be questioned (Palate et al. 2013 ).
Stellar masses
In Table 7 we present three mass estimates: the dynamical mass (M dyn ) results from the orbital solution; the evolutionary mass (M evol ) is estimated from the position in the HR diagram (Fig. 4,  right panel) ; the spectroscopic mass (M spec ) is obtained from the surface gravity and mean radius. Fig. 8 shows a comparison between these three masses. In the left panel, we see that M dyn and M evol are well correlated. However, there is a systematic upward shift indicating that evolutionary masses tend to be slightly larger (by a few solar masses) than dynamical masses. Quantitatively, the former are 16.5±10.6% higher than the latter, with differences ranging between 8 and 38%. Weidner & Vink (2010) studied a large sample of binaries and concluded that there was no difference between dynamical and evolutionary masses. The only system in common with our study is V478 Cyg for which Weidner & Vink (2010) Fig. 8 shows that the uncertainty on the spectroscopic masses are too large to allow any meaningful conclusion regarding the comparison between evolutionary and spectroscopic masses. This is partly due to the difficulty of the disentangling technique to correctly separate the Balmer lines of the systems' components, and thus to the difficulty of determining surface gravities. Table 8 summarizes the rotational and orbital periods of each star/system. All systems but DH Cep being eclipsing, and assuming that the rotational axis is parallel to the orbital axis, the rotational period can be obtained from V sini and the radius obtained from the fit of the light curve. In two systems (Y Cyg and AH Cep) the rotational periods are shorter than the orbital one. Since tides tend to synchronize the rotation of stars with the orbital period (e.g. Zahn 1977) , one can conclude that in these two systems the stars have not finished yet to spin-down and that they were initially rotating with equatorial velocities larger then 150 km s −1
Periods and synchronization
. Interestingly, these systems are also the closest to the ZAMS (together with DH Cep for which no rotational period can be determined).
For V382 Cyg both periods are the same within the error bars, indicating that synchronization has been reached. This is also partly true for V478 Cyg.
XZ Cep is a peculiar case since the primary has P rotation < P orb while the opposite is true for the secondary. Given that this is the most evolved system of our sample and that the secondary fills its Roche lobe, this could indicate that mass and angular momentum transfer has lead to spin-up of the mass gainer and spin-down of the mass donor. A better investigation of the effect of stellar evolution and mass transfer on rotational and orbital periods requires dedicated models. Such a study will be presented in a subsequent paper.
Conclusion
In this paper we have studied six Galactic massive binaries. We have obtained high-resolution spectroscopy at different orbital phases. A spectral disentangling technique was applied to yield the individual spectra of each component. These spectra were subsequently analyzed with atmosphere models and synthetic spectra to provide the stellar parameters and CNO surface abundances. The results are:
• Five of the six systems have their components located on the main sequence (as defined by single-star evolutionary tracks). For the sixth system, one component is evolved.
• Evolutionary masses determined using the single star evolutionary tracks of Ekström et al. (2012) are on average 16.5% higher than dynamical masses.
• Three systems are detached (Y Cyg, V478 Cyg and AH Cep), two have at least one star filling its Roche lobe (V382 Cyg and XZ Cep) and no information is available for DH Cep since it is not eclipsing.
• The CNO surface abundances of the three detached systems are little affected by stellar evolution and binarity. They are consistent with abundances of single stars within the uncertainties. Similar conclusions apply to the components of the contact system V382 Cyg and to the primary of XZ Cep. The N/C ratio of the secondary of XZ Cep is higher than what is expected for single stars with similar initial masses (according to the evolutionary tracks of Ekström et al. 2012 ).
• Comparison of the derived surface abundances to those of systems known to have experienced mass transfer suggests the following trend: tides do not significantly affect the surface abundances of detached systems, while mass transfer, through the removal of external layers, can make chemically processed material appear at the surface. It may take some time after the onset of mass transfer before such effects are visible.
• Some systems have reached synchronization, while other may still be in a spin-down phase. In the contact binary XZ Cep mass transfer has probably affected the rotational periods. The trends emerging from our results, especially regarding the effect of binarity on surface abundances, need to be confirmed by analysis of additional detached and post-mass transfer systems.
